Nati¢nal? 


August 1957 
Volume 41 


Number 8 


Measurement of Service Area 


for Television Broadcasting 


NEW METHOD of measuring the service pro- 

vided by a television broadcast station has been 
devised at the Boulder Laboratories of the National 
Bureau of Standards. This method involves an area 
concept of service rather than the contour concept 
presently being used. [n current practice, television 
service is defined in terms of the contours for two 
erades of service, grades A and B. This definition 
presents two difficulties. First, the contour does not 
adequately express service because it includes within it 
many locations that receive less than the specified 
erade of service and ignores large areas outside the con- 
tour that have the specified grade or better. Second, 
the experimental determination of where the contours 
lie is very difficult to accomplish adequately. 

A more proper definition of service was first pro- 
posed by Norton and Gainen ‘in 1951. This definition 
expresses the service in terms of the total area that re- 
ceives service in various grades. The grades of serv- 
ice are related to the signal levels, or more properly, 
to the signal-to-noise ratios. Grade I service would 
represent the cases where the signal is sufficiently high 
to override thermal and manmade noise levels; grade 


II would represent a lower signal-to-noise ratio where 
perhaps noise is somewhat noticeable; and grade III 
the case where the signal-to-noise level is low and a 
considerable amount of noise appears at reception. 

Because of terrain roughness, including trees, build- 
ings, etc., the distribution of the actual areas is not 
uniform. It is entirely possible for one dwelling to 
receive grade | service and for next-door neighbors to 
receive grade II or even grade III. Within roughly 
50 miles of the transmitter, time variations are rela- 
tively unimportant; but as the distance increases, 
tropospheric effects become more important. An ex- 
pression of the time available must be included in the 
definition of service. 

Current practice in measuring the contours of serv- 
ice involves recorder-tape measurements of field 
strength. These measurements are made in moving 
vehicles while driving down roads along eight or more 
radials from the transmitter. From these measure- 
ments the contours, where 50 percent of the locations 
receive the specified grade of service for 50 percent of 
the time, are estimated and joined together in the form 
of a service contour. 


113 


500i 


400 Niky 


Freceiving Antenna=30 Ft; o=6db 


100 kw ERP; Transmitting Antenna = 500 Ft 


——_- — 


==) 


300 


Miles 


SOOO es eeetete. 
Vas PPP Y, POP ra rrr 


R Miles 


» 
Q> 


ere Saas. 


MINIMUM FIELD STRENGTH AND PERCENTAGE 
OF TIME AVAILABILITY DEFINING THREE 
GRADES OF TELEVISION BROADCAST SERVICE 
AT 63 Mc (FROM NORTON AND GAINEN) 


GRADE I 
GRADE I 
GRADE II 


114 


Ta% | URBAN SUBURBAN 
p2 S000 I50<p< 5000 

39 et 67 

90 ae. 62 

SO 67 Ii 


RURAL 
p<I50 


Sif, 
52 


47 


Aside from the fact that the contours do not give a 
very useful representation of service, there are many 
difficulties in taking measurements in this manner. 
First of all, it is impossible to obtain very much of this 
type of data using the proper height of antenna, namely, 
30 feet. Most such measurements are made at 10 
feet and referred to the 30-foot reference height by 
application of a linear height-gain function. Secondly, 
the routes followed usually do not represent the area 
very well because (1) roads tend to follow lower 
levels in rough terrain, (2) they are frequently built 
up a few feet above surrounding terrain, and (3) they 
are congested with wires and other objects which mod- 
ify the results. Time and space variations cannot be 
separated in mobile measurements. 

A method of measurement that will lead to an effi- 
cient estimate of the areas of service is proposed by 
the Bureau to replace the old method. In this method 
sample measurements are taken at fixed locations 
around the transmitter. These locations are estab- 
lished in a systematic manner so that all terrain types 
are equally likely and the data represent a random 
sample from the area. In most cases the measure- 
ments consist of a single observation of field strength 
except when time variations are involved. In these 
instances they represent a short recording of field 
streneth from which the distribution with time can be 
estimated. A sample set of observations would be 
taken at a constant radius with sufficient separation to 
eliminate serial correlation between successive obser- 
vations. The distribution obtained can be used to 
estimate the percentage of locations at the distance 
that receives service in the several grades. By join- 
ing together several such estimates made at different 
distances, an estimate can then be made of the total 
area around the transmitter for each grade of service. 

Some of the advantages of this method over mobile 
measurements are as follows: 


1. Much better estimates of the population parame- 
ters are obtained. 


2. Proper account is taken of the statistical nature 
of the received field, in particular, serial correlation. 


Above: Diagram illustrating how a given minimum grade 
of service might be distributed around a television trans- 
mitter under average conditions. In black areas the field 
strength exceeds the prescribed level, in white areas it 
falls short of this value. The circle illustrates how a sin- 
gle contour is used in the current method to represent 
service. This tends to ignore large areas outside the con- 
tour that have the required field strength, and to include 
areas within the contour that do not. The actual service 
area would be the sum of all black areas. Center: Hypo- 
thetical television service areas for channels 2 to 6 based 
on FCC propagation curves. The curves shown are based 
on rural values of field strength from tabulation at bot- 
tom. Field strength is expressed in decibels above 1 
uv m ata point 30 ft above the ground. 
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3. The measurements can easily be obtained at a 
height of 30 feet and at locations more typical of po- 
tential receiver locations. 


4. Time variations can be measured separately from 
space variations. 


5. The analysis is facilitated by the elimination of 
long recorder tapes. All of the scaling and some of 
the Tinalyats can be done in the field. In most cases 
the tabulation consists of writing down a single value 
read directly from the instrument, and in others it 
involves at most the determinaion of the distribution 
with time from a relatively short observation. The 
tabulated values then might be, for example, the field 
strength exceeded 99, 90, and 50 percent of the time. 


6. The measurements are more suitable for techni- 
cal study and analysis and are repeatable in the sense 
that repetitive sampling from the same parent popula- 
tion gives estimates where dispersion is expressed by 
a confidence interval. 


7. Additional studies can easily be incorporated into 
the measurements. Such studies might include cross- 
polarization effects; direction of arrival measurements, 
path antenna gain, and many others. 


*A study of the geographical distribution of popula- 
tion on the coverage obtainable from a national tele- 
vision system, by K. A. Norton and L. Gainen, a working 
document of the Federal Communications Commission 
Ad Hoc Committee for the Evaluation of the Radio 
Propagation Factors Concerning the Television and Fre- 
quency Modulation Broadcasting Services in the Fre- 
quency Range Between 50 and 250 Mc, October 17, 1950. 


i ° 
TRANSMITTER. 


Above: One possible plan for sampling the field intensity 
distribution of a 100 kw television station over average 
terrain, according to a method worked out by the Bureau. 
In this case a total of 240 measurements would be made, 
consisting of 30 discrete observations on each of 8 circles 
with radii from 25 to 70 miles, respectively. Below: 
Photographs illustrating two ways in which sample meas- 
urements of television field strength have been obtained 
by Bureau scientists. When it is impossible to drive to 
specific locations, a small battery-operated field strength 
meter (right) can be packed to the spot. Measurements 
at antenna heights of both 15 and 30 ft showed clearly 
that the simple linear height-gain function currently in 
use to extrapolate low-antenna measurements to a height 
of 30 ft is not satisfactory, especially in very rough 
terrain. 
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A SIMPLIFIED PULSE GENERATOR 


SIMPLIFIED, inexpensive circuit for a relaxation 
oscillator with fast rise and decay times has been 
developed by the Bureau’s sound laboratory.’ The 
special advantages of the circuit are due mainly to the 
gated-beam tube, type 6BN6, around which it is de- 
signed. Thus, in comparison with the conventional 
blocking oscillator or multivibrator, whose basic cir- 
cuits are similar to the present one, use of the gated- 
beam tube permits the elimination of a transformer 
or an additional tube for positive feedback. The only 
components required, besides the gated-beam tube it- 
self, are 3 or 4 resistors and 1 condenser. C. E. 
Tschiegg of the NBS sound laboratory designed the 
pulse generator, and the work was supported in part 
by the Office of Naval Research. 

The principle of operation resembles that of the Van 
der Pol relaxation oscillator,” but again important ad- 
vantages result from the gated-beam tube. Pulse 
widths ranging from about 0.5 to 400 psec can be ob- 
tained—and at frequencies greater than 1 Mc for the 
narrow pulses. With low impedance load, pulse rise 
and decay times can be made less than 0.1 psec, even 
for pulse durations as large as 400 psec. In addition, 
use of the gated-beam tube makes possible very simple 
biasing and triggering arrangements. 


The Gated-Beam Tube 


Originally designed as a limiter-discriminator for 
TV and FM receivers, the gated-beam tube is a pentode 
with a construction rather different from that of most 
five-element tubes. Electrons from the filament, 
formed into a vertical sheet by a slit, first pass through 
a boxlike electrode, the “accelerator,” which has open- 
ings front and back for the electron beam. Of the two 
control grids, the “limiter,” is within the accelerator en- 
closure; and the “quadrature” grid, is between the 
accelerator and the plate. 

The accelerator effectively shields the cathode from 
the other electrodes, so that the cathode current is es- 
sentially constant. The control grids serve as gates to 
distribute this current between the normally positive 
accelerator and plate. If the limiter is sufficiently 
negative, its shape is such that the electrons are de- 
flected onto the inner surface of the accelerator, instead 
of passing through. Similarly, when the quadrature 
grid is sufficiently negative, it repels electrons onto the 
outer surface of the accelerator. As a result, the plate 
current can be cut off completely by either of the two 
control grids, regardless of the potential on the other 
one, 

In addition, it is possible to self-bias the tube to 
plate-current cutoff with a resistor in the cathode cir- 
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Schematic cross section of gated-beam tube used in re- 
laxation oscillator. The boxlike accelerator electrode 
shields the cathode from the other electrodes, so that the 
cathode current is held essentially constant. The poten- 
tials on the limiter and quadrature control grids deter- 
mine how the current is shared between accelerator and 
plate. If limiter is sufficiently negative, electrons are 
repelled to the inside wall of the accelerator; and if the 
quadrature grid is too negative, electrons are repelled to 
the outside of the accelerator. Either grid can cut off 
the plate current, regardless of potential on other grid. 


cuit. This feature, together with the availability of a 
second grid for high impedance trigger, makes the 
gated-beam tube exceptionally well suited for use in 
triggered oscillators. 


Oscillator Operation 


With appropriate values for the components, gated- 
beam oscillators of either free-running or triggered 
type can be constructed. An example of a free-run- 
ning oscillator is given in the accompanying schematic 
diagram. Here each pulse corresponds to a cycle of 
operations in which the current is switched from the 
accelerator to the plate and back. 

Consider an instant when the plate current (in the 
circuit illustrated) is cut off by a negative potential 
on the limiter. This condition is unstable, because a 
current flows through the resistor connecting the lim- 
iter to ground, discharging the condenser and raising 
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Schematic diagram of free-running pulse generator together with the voltage waveforms (right) produced at the tube 
electrodes. Taking advantage of the special characteristics of the gated-beam tube, this circuit eliminates the trans- 
former or additional tube for positive feedback required in the somewhat similar blocking oscillator or multivibrator 
circuits. It generates pulses from 0.5 to 400 sec in width, with pulse rise and decay times below 0.1 psec; the narrower 


pulses can be generated at frequencies above 1 Mc. Cathode resistor can be removed if output is taken from plate, 


or it can be changed from 270 to 560 ohms to produce a triggered oscillator. 


simple biasing and triggering arrangements. 


QUADRATURE 
ACCELERATOR~~ 
———-—-—-- LIMITER-- 
= CATHODE === =. 


the limiter potential. The circuit remains quiescent, 
however, until the limiter potential rises sufficiently 
to permit electrons to reach the plate. When this hap- 
pens—that is, when the limiter reaches cutoff and plate 
current begins to flow—there is a corresponding de- 
crease in accelerator current and increase in accelerator 
potential. The potential increase is transmitted 
through the condenser and reinforces the plate cur- 
rent. Because of this regenerative process, the plate 
current very rapidly rises to its maximum value (when 
most of the accelerator current has been diverted to it). 

During the regenerative process, the limiter is driven 
positive and draws current, enabling the condenser to 
charge rapidly. When maximum plate current is 
reached, ending the regenerative process, the charge 
on the condenser drives the limiter negative. This 
cuts off the plate current and the cycle starts again. 

By increasing the cathode resistor from 270 to 560 
ohms, the circuit described can be converted to a trig- 
gered oscillator. The potential drop across this re- 
sistor makes the limiter sufficiently negative with 
respect to cathode to cut off the plate current. If a 
positive trigger is now inserted into the limiter (or a 
negative trigger into the cathode), the oscillator goes 
through a single cycle of the kind described above. 
It then returns to its original condition and is held 
there by the cathode bias until the next trigger pulse 
arrives. 

The PRF of the free-running oscillator, or the re- 
covery time in the triggered oscillator, is controlled 
by the time constant of the R-C combination connect- 
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ing the accelerator to ground. The pulse width de- 
pends on the capacity of the condenser and the internal 
impedance of the limiter grid. Greater output can be 
obtained by increasing the plate resistor, but this also 
retards the rise and decay of the pulses. In the free- 
running oscillator, the cathode resistor can be elimi- 
nated if the output is taken from the plate. 

Among possible modifications of the circuit is the 
use of an inductive plate load or a tuned circuit in the 
feedback path. A series resonant crystal could also 
be used, provided some means for limiting the crystal 
current is included. The PRF will then be the same as 
the fundamental or some subharmonic * of the crystal 
frequency, depending on the time constant that con- 
trols the unsynchronized PRF. A tuned circuit can 
be used in the output if a sinusoidal waveform is 
desired. 


*Relaxation oscillator using a gated-beam tube, by 
C. E. Tschiegg, Rev. Sci. Instr. 27, 1085 (December 
1956). (In the circuit diagram accompanying this arti- 
cle, the connections to the limiter and quadrature grids 
should be interchanged.) 

*On “relaxation oscillators,’ by B. van der Pol, Phil. 
Mag. 2, 978 (1926). 

* Subharmonie crystal oscillators, by M. C. Thompson, 
C. E. Tschiegg, and M. Greenspan, Rev. Sci. Instr. 25, 
8 (1954). 
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Crystallography of Cold Drawn Music Wire 


HE BUREAU has completed an investigation of 

preferred crystal orientation in cold drawn music 
spring wire. Sponsored by the U. S. Army Ordnance 
Corps and conducted by H. C. Burnett and C. J. Newton 
of the Bureau’s mechanical metallurgy laboratories, the 
study revealed that the degree of preferred crystal 
orientation and the elastic modulus of the wire first 
increase, then decrease, as diameter is reduced in the 
drawing process. The tensile strength of the wire in- 
creases with each reduction in size, as expected, but 
exhibits no correlation with changes in either the pre- 
ferred orientation or the modulus of elasticity. 

Many modern ordnance devices such as machine guns 
and small arms are dependent on helical wire springs 
for their operation. Music wire is most frequently 
used for these springs because it is the strongest eco- 
nomical engineering material available. The usual 
fabrication procedure for music spring wire involves 
a heat treatment known as patenting followed by draw- 
ing through a series of dies to obtain the desired size 
and tensile strength. The plastic deformation of the 
metal during the drawing operation causes the individ- 
ual crystals to rotate so that their crystallographic axes 
tend toward certain preferred directions. As the prop- 
erties of the crystals are different in different direc- 
tions, the development of a preferred orientation in a 
metal specimen causes the properties of the specimen 
to vary with direction. It was believed that informa- 
tion on changes in preferred orientation and elastic 
modulus occurring during wire drawing would aid in 
obtaining a better understanding of the structural 
changes taking place in the steel. 

Commercial-grade wire drawn from steel of 0.85 
percent carbon content was used in the investigation. 
The patented wire had a diameter of 0.111 in., and 11 
dies were used in reducing the wire to the final size 
of 0.039 in. 

The degree of preferred orientation was determined 
on seven sizes of wire and on an 0.039-in.-diameter 
specimen which was stress-relieved by heating at 750° 
F. The preferred orientation data were taken with 
an X-ray diffractometer and associated counting, scal- 
ing, and recording circuits. The radiation source was 
cobalt K-alpha. 

In order to obtain sufficient area for use in the 
diffractometer, a number of short lengths of wire were 
cemented together and then mounted in Bakelite for 
cutting and polishing. The surface of each specimen 
was cut at some specific angle with respect to the axes 
of the wires, metallographically polished, etched to re- 
move the cold worked layer resulting from the cutting 
operation, and then lightly polished. 

The results showed that the preferred orientation 
increased with increased reduction of area by drawing 
until a diameter of 0.047 in. was reached. Further 
drawing caused a sharp decrease in the degree of pre- 
ferred orientation so that the value for the 0.039 in. 
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Above: Graph of corrected line broadening and intensity 
of the diffraction from the (110) plane of music spring 
wire at various stages of reduction. Specimens were cut 
transversely across the axis of the wire. Below: Graph 
of modulus of elasticity of music wire at various stages 
of reduction. 
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REDUCTION IN DIAMETER, PERCENT 


wire was only slightly greater than that of the pat- 
ented material. 

Young’s modulus of elasticity was determined for 
18-in. lengths of wire in the drawn condition at eight 
stages of reduction. The data were obtained by direct 
static loading in a vertical plane. Strain was meas- 
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ured with two Tuckerman extensometers mounted op- 
posite each other on the specimen. Mounting in this 
manner automatically compensated for any bending 
of the specimen during the initial loading. Ten to 
twelve additions of load were made on each wire being 
tested, and the increments of strain were obtained by 
averaging the reading of the two extensometers after 
each addition of load. 

The value of Young’s modulus was found to rise 
to a maximum with wire of 0.047-in. diameter and 
thereafter to decrease as did the preferred orientation. 
The development of preferred orientation, therefore, 
seems to be the principal factor contributing to the 
change of modulus. 


For further technical information, see Variations in 
preferred orientation and modulus of elasticity in cold 
drawn music spring wire, by H. C. Burnett and C. J. 
eri Wire and Wire Products, 30, 1375 (Nov. 
1955). 


Right: Making X-ray diffraction 
measurements on samples of cold 
drawn music spring wire. The 
study showed how crystal orienta- 
tion changes as the wire diameter is 
reduced in the drawing process. 


TABLE |. Tensile strength of cold- 
drawn music wire at various stages 
of reduction 


Wire Reduction in Tensile 
diameter diameter strength 
in. % Ilbjin.2 
OST) eens. ee 206, 000 
. 101 9.0 229, 000 
091 18. 0 236, 000 
. O82 25:1 244, 000 
074 Sone 254, 000 
066 40.5 264, 000 
. 059 46.8 278, 000 
. 053 53. 2 292, 000 
. 047 57. 7 312, 000 
. 044 60. 2 322, 000 
041 63. 0 332, 000 
039 64.8 350. 000 


X-ray, Attenuation Coefficients From 10 kev to 100 Mev 


N RESPONSE to widespread requests for basic in- 

put data for evaluating the penetration of radiation, 
the Bureau recently issued NBS Circular 583, X-ray 
Attenuation Coefficients From 10 kev to 100 Mev. 
Some of the data presented has already been published 
in radiological handbooks and technical journals. 
However, the present publication is a more extensive 
and systematic study. It will be useful to physicists 
studying basic problems in radiation and nuclear phys- 
ics, to physicians and hospitals utilizing radiation from 
X-ray generators and gamma rays from radioactive 
substances, and to designers of shielding for nuclear 
reactors. 

In addition to tabular and graphical data for 29 
absorbing materials, which make up the bulk of the 
publication, there is a discussion of the principal ab- 
sorption and scattering processes involved in the in- 
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teraction of radiation with matter; namely, photo- 
electric effect, scattering (Compton and Rayleigh), and 
pair production. Existing theoretical and experi- 
mental data for these processes are here compiled and 
evaluated. 

Separate tabulations have been made for the proba- 
bilities of the dominant interactions as well as the tota] 
attenuation coefficient—the sum of the above processes. 
It appears that the present information is adequate 
for many applications. However, improved theory 
and additional experimental data are needed in cer- 
tain areas. This need is pointed up by a comparison 
of the calculated and experimental coefficients. 


*Copies of the 54-page circular are available at 35 
cents each from the Superintendent of Documents, U. S. 
Government Printing Office, Washington 25, D.C. 
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NE of the lesser known services of the National 
Bureau of Standards is the broadcasting of a 
musical tone of standard pitch—middle “A” at 440 
cycles per second—over its shortwave stations WWV 
(Beltsville, Md.) and WWVH (Maui, Hawaii). These 
broadcasts make standard pitch available day and 
night throughout the United States and over much of 
the world. Because a shortwave receiver is all that is 
needed, easy access to standard pitch is thus provided 
for piano tuners and amateur and professional mu- 
sicians, as well as for makers of musical instruments. 
A 600-c/s tone is also broadcast. This, together with 
the 440-c/s tone, is used by scientists, electronics engi- 
neers, and manufacturers in the measurement of short 
intervals of time and for calibrating instruments and 
devices that operate in the audio and ultrasonic fre- 
quency ranges. Both the 440- and the 600-c/s tones are 
obtained from an electronic, crystal-controlled oscilla- 
tor and are accurate, as transmitted, to better than 1 
part in 100,000,000. 

The two frequencies are broadcast alternatively, start- 
ing with 600 c/s on the hour for 3 min, interrupted 2 
min, followed by 440 c/s for 3 min and interrupted 2 
min. Each 10-min period is the same except that 
WWYV is off the air for 4 min beginning at 45 min 
after each hour; and WWVH is silent for a 34-min 
period each day beginning at 1900 Universal Time 
(9 4. M. in Hawaii or 2 p. M. EST). 

To provide greater assurance of reliable reception, 
transmissions from the NBS stations are made simul- 
taneously on several standard broadcast frequencies. 
WWV broadcasts on 2.5, 5, 10, 15, 20, and 25 Mc 
(megacycles per second) and WWVH broadcasts on 5, 
10, and 15 Me. 

In this country, A=440 c/s has been accepted as 
standard pitch since 1925. Initially, this value was 
agreed upon by the Music Industries Chamber of Com- 
merce as a useful compromise among the various 
pitches chosen arbitrarily by different musical groups. 
In 1936 the same pitch standard was adopted by the 
American Standards Association, giving it the status 
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of an industrial standard. Three years later the Inter- 
national Federation of National Standards Associa- 
tions (ISA)! sponsored a conference in London. 
France, Germany, Great Britain, Holland, and Italy 
sent delegates, and the United States and Switzerland 


sent official messages. Six of the seven countries in- 
dependently proposed A=440 as the standard and the 
conference adopted it unanimously. The same stand- 
ard was again endorsed by the International Organiza- 
tion for Standardization (ISO) in 1953; and was ac- 
cepted as an ISO Recommendation at Stockholm in 


1955. 


The National Bureau of Standards maintains the 


A=440 standard as the one on which general agreement 
has been reached. The musical merits of any particu- 
lar standard are, of course, outside its province. 


Earlier Pitch Standards 


Previous standards of pitch * were defined in terms 
of the frequency of a particular tuning fork or bar, or 
the length of a specified vibrating air column (organ 
pipe). Because the sound frequencies generated by 
these devices vary with the surrounding temperature, 
it is necessary to specify the temperature at which com- 
parisons with these standards should be made. 


In 1859 the “Diapason Normal” was defined in — 


terms of a standard tuning fork deposited by the 
French Government at the Paris Conservatory of 
Music. The vibration frequency of this fork was 
stated to be 435 c/s when measured at the then stand- 
ard laboratory temperature of 15° C. When R. 
Koenig (1880) made a careful determination of the 
frequency, it proved to be 435.45 c/s at 15° C and to 
have a thermal coefficient of —0.0486 c/s per degree 
centigrade. Thus the fork would really have the de- 
fined standard frequency at slightly over 24° C. 

An international congress in Vienna in 1891 adopted 
the French definition of the Diapason Normal, and 
it acquired the name of “International Pitch.” Great 
Britain and the United States apparently did not at- 
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tend this meeting, though A=435 was used as a stand- 
ard by a number of musical groups and instrument 
makers in this country after its adoption by the Vienna 
congress. 

In many places the pitch standards in actual use 
were strongly influenced by the way large, permanently 
installed pipe organs were tuned. Yet, of all the me- 
chanical devices used to generate musical frequencies, 
the vibrating air column of the pipe organ is the most 
sensitive to changes in temperature. Their frequency 
would therefore depend on what the temperature hap- 
pened to be when they were adjusted to conform to the 
standard fork in the Conservatory at Paris. Since the 
advent of better heating systems and air conditioning, 
the temperature at which most musical instruments 
are used today—in the United States, at least—is 
better represented by 20° C (68° F) than by the 
temperature of 15° C (59° F) associated with the 
Diapason Normal. Luckily, an organ pipe tuned to 
A=435 at 15° C will actually be tuned almost exactly 
to A= 440 at 20° C. 


Advantages of Present Standard 


From a technical point of view, the present standard 
of musical pitch, as maintained by the Bureau, has 
the advantage that it is free from the vagaries of the 
material objects (tuning forks, organ pipes) that em- 
bodied past standards. Thanks to modern electronic 
techniques for generating and stabilizing oscillations, 


a tone is produced that for all practical purposes is 
independent of the temperature of the surroundings. 

This would apply, of course, to any musical fre- 
quency that might be chosen. It happens, however, 
that the 440-c/s frequency stands in a very simple 
relation to other frequency standards maintained by 
the Bureau and can therefore be produced with a 
minimum of additional equipment. A tone of 435-c/s, 
for example, would require a somewhat more com- 
plicated technical arrangement. 

In changing over to Standard Pitch, little or no 
alteration is necessary in adjusting instruments tuned 
to the older standard. Instruments tuned by string 
tension and the open vibrating air columns of pipe 
organs present no problems at all. Woodwinds can 
be corrected partly by the tuning adjustment of the 
instrument and partly by the breath control of the 
player; and changes required in the reed stops of the 
organ are within the range of the instrument’s tuning 
adjustments. 


*This has now been superseded by the International 
Organization for Standardization (ISO). 

*A history of earlier standards of pitch is appended to 
the English translation of Sensations of Tone, by Helm- 
holtz, translated by A. Ellis, published by Longmans, 
Green & Co., New York, 1895 (reprinted by Dover, New 
york, 1954). A history of British standards of pitch is 
given in the folder, British Concert Pitch, published by 
British Standards Institution, 28 Victoria St., London, 
SW1. 
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Below, left: Seconds-pulse generator and time-interval selector at station WWV. This serves as the motivating unit 
to remove (and then return) the audiofrequency tones—standard musical pitch at 440 c/s and a 600-c/s tone—from 
the broadcast signal for periods of 145 sec once each second. During the 145-sec interval a short train of 1000-c/s 
oscillations is used to provide a seconds “tick.””. The mechanical gears shown (below) serve only a gating purpose 
and do not determine the precision of the timing operations. The precision is electronically controlled. Right: 
Audiofrequency racks used for generating standard musical pitch, 440 ¢/s (A above middle C), at station WWV. The 
day and night broadcasts from WWYV and from the Bureau’s other station, WWVH in Hawaii, make the standard tone 
available to shortwave sets throughout the United States and a large part of the world. The racks shown also generate 
a 600-c/s tone, and each of the two tones is broadcast for 3 min in alternate 5-min intervals. Three audioracks are 
maintained, two of them for standby purposes in case of failure of the one in use. The engineer is here adjusting 
the phase relationships of the audio oscillations generated by the different racks to keep them in accurate synchronism. 


Cinchonine Analysis of Tanning Materials 


HE BUREAU, in cooperation with the American 
Leather Chemists’ Association, has developed a 
method of determining the amount of lignosulfonates 
present in tanning materials. The method is based on 
the precipitation of lignosulfonates with cinchonine. 
Tests made in six laboratories with 24 contrasting sam- 
ples show that the method is generally applicable, that 
it is simple and fast, and requires no special equipment.' 
Lignosulfonates, obtained as waste products in the 
manufacture of cellulose from wood, are often used 
in the tanning of leather. Possessing no tanning prop- 
erties of their own, they act as auxiliary agents and as 
extenders for more costly vegetable tannins. How- 
ever, large amounts of lignosulfonates in tanning ma- 
terials become harmful adulterants, and a method for 
their control has long been sought. 

Estimating the amount of lignosulfonates in the 
presence of vegetable tannins is difficult as both mix- 
tures have complex organic molecules with similar 
structures and functional groups. Lignosulfonates are 
characterized by their “methoxy! value,” that is, the 
percentage of methoxyl groups they contain. But 
vegetable tannins may also contain methoxyl groups, 
so this method of estimation is feasible only when the 
nature of the vegetable tannins is known. 


The method of precipitation of lignosulfonates with 
cinchonine was first suggested by Appelius and 
Schmidt.? According to their findings, lignosulfonates 
form insoluble compounds when a cinchonine reagent 
is added to a solution of vegetable tannins and hydro- 
chloric acid. At elevated temperatures a lignosul- 
fonate precipitate forms which can be filtered off, 
washed, dried, and weighed. 

This method, highly empirical as described, was 
investigated by Sverre Dahl of the Bureau staff to de- 
termine its effectiveness. Evidence was available that 
the proper amount of hydrochloric acid was 5 ml per 
100 ml of solution; that 2 min of boiling time was 
sufficient; that agitation should be avoided. Unknown 
factors were the character of tannin to be added to the 
solution; concentrations of lignosulfonates and of cin- 
chonine; heating rate and temperature of precipitation; 
and drying time of the precipitate. 

The NBS investigation found that the addition of 
tannic acid to the solution is essential, even though 
tannins are present; 0.1 to 0.4 gram of solid lignosul- 
fonate and 25 ml of 1.5 percent cinchonine should be 
present in an analytical solution of 50 ml; a heating 
rate of 15° C per minute is needed until the solution 


Precipitating tanning mixtures with cinchonine provides a convenient means of determining the amount of lignosul- 


fonate adulterant present. 
Leather Chemists’ Association. 


solution heated to 70° C. The thermometer extending from the solution indicates the temperature. 
the cinchonine-lignosulfonate precipitate is filtered off so that it can be weighed. 


This method was recently developed at the Bureau in cooperation with the American 
To form a precipitate, the chemist (left) adds a cinchonine reagent to a sample 


Then (right) 
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reaches a precipitation temperature of 70° C; proper 
drying time for the precipitate is 3 hours.’ 

These findings were confirmed by tests in the col- 
laborating laboratories. A statistical analysis of the 
test results indicates that the cinchonine method can 
be considered serviceable under any conditions, even 
though the lignosulfonate concentration has not been 
chosen properly. The over-all absolute error was 
found to be +3.84 percent lignosulfonate; this is fairly 
good accordance because lignosulfonates vary as to 
substance and chemical behavior. In the tests no pre- 
cipitate was obtained when no lignosulfonate was pres- 
ent in the solution; also, the amount of precipitate had 
a definite relationship to the amount of lignosulfonate 
present. 


Although not highly accurate or precise, the cin- 
chonine method fills a need until a better method is 
developed. Studies of the problem are being continued 
by the American Leather Chemists’ Association. 


*For further technical details, see A collaborative 
study on the cinchonine method for determination of 
lignosulfonates in vegetable extract blends, by Sverre 
Dahl and John Mandel, J. Am. Leather Chemists’ Assoc. 
52, 184 (1957). 

*W. Appelius and R. Schmidt, Collegium, 597 and 706 
(1914). 

*Report of the subcommittee for investigation of 
methods for detection and estimation of lignosulfonates in 
vegetable tannin blends, by J. Jany, J. Am. Leather 
Chemists’ Assoc. 51, 353 (1956). 


1957 Conference on Bone Char Research 


HE fifth biennial technical session on bone char 

research was held at the National Bureau of Stand- 
ards, Washington, D. C., on May 16 and 17. Spon- 
sored jointly by the U. S. Cane Sugar Refiners’ Bone 
Char Research Project, Inc., and the Bureau, the con- 
ference was attended by members from Australia, 
Brazil, Canada, Cuba, England, and Scotland, as well 
as the United States. Sixteen technical papers sum- 
marizing accomplishments in bone char research were 
presented in the 2-day session. 

The savory taste and purity of sugar depend on the 
adsorbent used in the refining process. As tremen- 
dous quantities are necessary to produce a first-rate 
sugar, the adsorbent must be capable of regeneration; 
that is, it must have a capability of being used over 
and over again to be economically successful. Several 
years ago a research program was started at the Bureau 
to study the fundamental nature of bone char, used as 
an adsorbent, in order to improve its effectiveness. 
Today industrial supporters of the program include 
sugar refiners and bone char manufacturers of nations 
throughout the free world. 

Conferees were welcomed at the opening meeting 
by Dr. A. V. Astin, Director of the Bureau. There- 
after, this meeting was devoted to the general topic of 
settling of char filters. Settling is a process by which 
regenerated bone char is combined with sugar liquor 
at the beginning of a filtration. Plant scale procedures 
for wet-settling were discussed, and the advantages of 
a method developed at the St. Lawrence Sugar Refin- 
eries were explained by E. J. Grant of Montreal. Re- 
sults of research on the volume of sweet water per 
filter as a dependable criterion of settling techniques 
were given by H. G. Gerstner (Colonial Sugars Com- 
pany, Gramercy, La.). A talk by Frank G. Carpenter 
of the Bureau staff concluded the first meeting. He 
presented a successful, new method for estimating the 
amount of sugar retained in an adsorbent after wash- 
ing, by measuring the hydrogen and carbon monoxide 
produced during a heating process. 

Problems in regeneration of bone char were dis- 
cussed at the afternoon session. Laboratory tests at 
NBS for abrasion hardness were compared with re- 
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finery experiences. Inadequacies of some methods 
were clearly shown when chars of a known sequence 
were lined up in the wrong order. One paper gave 
the conclusions derived from a cooperative investiga- 
tion undertaken by the National Sugar Refining Com- 
pany (Philadelphia refinery) and Baugh and Sons 
Company (Philadelphia) on the effect of decarbon- 
ization of char. Results of a recent NBS study on the 
influence of excessive sulfate on the kilning behavior 
of bone char were discussed. 

A highlight of the program was a talk on multiple 
treatments with different adsorbents by E. D. Gillette 
(Refined Syrups and Sugars, Inc., Yonkers, N. Y.) 
given the next morning. Plant scale experiences us- 
ing bone char followed in sequence by granular car- 
bon, powdered activated carbon, and ion exchange 
resins were described. The next paper by Kurt Lowy 
of Brazil proved that certain organic acids present 
in trace quantities in raw sugar liquors had a pro- 
found influence on the ability of bone char to decolor- 
ize the liquors. 

Allen Gee, formerly of the Bureau staff, opened the 
final session Friday afternoon with a discussion of 
the anionic nature of the colorant in commercial sugar 
liquors. He proposed a hypothesis to explain the 
inferior initial performance of new char, namely, that 
new bone char has a property for rapidly exchanging 
divalent ions for monovalent ions. Victor R. Deitz 
of the Bureau introduced a novel concept to the effect 
that total organic anions in sugar liquor could be 
estimated by subtracting from total cations the sum 
of the equivalent of chloride and sulfate. Laboratory 
tests were compared to plant scale results for color 
removal by N. L. Pennington (California and Ha- 
waiian Sugar Refining Corporation, Crockett, Calif.) . 
The tests indicated that rough estimates of the per- 
formance of plant scale columns were possible. Sim- 
ilar tests for ash removal gave preliminary results 
which were even more promising. The final talk of 
the conference by William V. Loebenstein of the Bu- 
reau was a theoretical treatment of the adsorption of 
colorants during laboratory column filtrations. 
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HE EVER-INCREASING SPEEDS of modern air- 
craft have developed a need for test methods to 
evaluate the adhesion property of protective coatings 


for these aircraft. So that potential coatings might 
be screened in the laboratory and only better types 
recommended for use in flight tests, the Bureau, under 
the sponsorship of the Navy Bureau of Aeronautics, 
recently made a study of available adhesion measur- 
ing instruments. 

The adherometer is one of the promising instru- 
ments investigated. This apparatus measures the force 
required to strip a coating from a metal surface. A 
coating sample, mounted on a motor-driven plate, trav- 
els under a weighted knife. The variable stripping 
force encountered as the coating is removed is re- 
flected on a dial gage. But this variable force is dif- 
ficult to follow by dial gage readings; the process of 
recording and averaging many readings during a strip- 
ping run is lengthy and laborious; and results ob- 
tained are not always reliable. 

To increase the speed, ease, and precision with which 
adherometer measurements could be made, A. G. Rob- 
erts and R. S. Pizer of the NBS plastics laboratory 
developed an electronic averaging device known as 
the Integrometer.'| This device converts the variable 
stripping force measured by the adherometer into elec- 
tric impulses. These impulses are then added to give 
a single average value which can be read directly from 
a standard recorder. 

The first step was to modify the conventional ad- 
herometer by removing its pendulum and dial gage. 
The pendulum had been used as the source of the 
stripping force needed at the cutting head. An alumi- 
num alloy beam with resistance strain gages attached 
to both faces was substituted for the pendulum. The 
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Integrometer could then be used to perform the func- 
tion of the dial gage. 

The Integrometer contains a Wheatstone bridge 
circuit which includes the strain gages, an amplifier, 
integrating circuit, and meter circuit. Output from 
the beam and strain gage assembly is fed to the ampli- 
fier. The integrating circuit converts the amplified 
electric impulses to an output voltage proportional to 
the average value of the variable stripping force. The 
integrated voltage is then applied through the meter 
circuit to a standard recorder. The recorder draws 
a straight line the length of which, after a precisely 
timed interval, is proportional to the average value 
of the varying voltage that has been impressed on the 
integrating circuit during the stripping operation. 

Thus the strain and error inherent in visually ob- 
serving varying gage readings have been eliminated. 
Moreover, the stripping action itself is accomplished 
with greater ease and uniformity because the mo- 
mentum and inertia effects of the pendulum method 
are removed. 

Operation of the complete equipment has been sim- 
plified by the addition of a motor-driven switching 
assembly. At the push of a button, this assembly auto- 


Above: The Integrometer, developed by the Bureau to 
improve adhesion measurements, is shown (center) con- 
nected to an adherometer (left) and to an automatic 
recorder (right). The adherometer measures the vary- 
ing force required to strip a coating from its metal sur- 
face, as a coating sample, mounted on motor-driven plate, 
travels under a weighted knife. The Integrometer con- 
verts this variable stripping force into electric impulses 
and adds them to give an output that is indicated on the 
recorder. 
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Schematic diagram of 
amplifier, integrating 
circuit, and meter cir- 
cuit of the Integrome- 
ter. 


K=1000 M=1 Meg 
All resistors | watt precision except 
as noted 

All capacitors in 4f 400 WVDC 
except as noted 

C,= 500 yf 450 V photoflash capacitor 
S>5=OPDT center neutral position 


matically performs all of the timing and integrating 
operations necessary for a stripping run. 

Stripping tests by the pendulum method on 11 dif- 
ferent coating materials exhibited a coefficient of vari- 
ation of 4.1 percent for replicate stripping runs. 
When the Integrometer was used, the coefficient of 
variation for replicate stripping runs was 2.2 percent. 
An analysis of the data indicated that the precision of 
the pendulum method varied from material to material 
and became poorer as the adhesion property of the coat- 
ing became less uniform. The precision of the Inte- 
grometer method was independent of the material 
tested. 


4K 2W 


In addition to increasing the speed and precision of 
adherometer measurements, the Integrometer is ex- 
pected to provide a more reliable experimental basis 
for interpretation of adherometer data. The device 
should also be useful in theoretical studies of adher- 
ometer operation and in correlation of the data with 
other adhesion measurements and service performance. 


*For further details, see Protective coating adhesion 
measurement using an electronic averaging device for 
the adherometer, by A. G. Roberts and R. S. Pizer, ASTM 
Bulletin No. 221, page 53 (1957). 


Below, left: Closeup of the electronic switching assembly that simplifies operation of the Integrometer. This assembly 


automatically controls all of the timing and integrating operations for a stripping run. 
actuate microswitches that control the various electronic circuits. 
resistance strain gages which replace conventional pendulum and dial gage of adherometer. 


The three motor-driven cams 
Right: Closeup of aluminum beam and attached 
The beam is employed 


in place of pendulum as source of the stripping force needed at cutting head. The two strain gages form part of a 
Wheatstone bridge circuit inside the Integrometer. 
electrical unbalance in the bridge. 


Bending of aluminum beam during a stripping run produces an 
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GASSING OF DRY CELLS 


| Eee ee CELLS—the dry cells commonly used 
in flashlights—have limited shelf life because of 
self- discharge - through an internal chemical reaction. 
This deteriorating reaction produces gas which in time 
may bulge or even burst sealed batteries. Scientists 
at the Bureau have been investigating the production 
of gas in dry cells to find some relationship between the 
rate of gassing and battery life. The study was car- 
ried out “for the Navy Bureau of Ships by E. M. Otto 
and W. G. Eicke, Jr., who constructed an apparatus 
that accurately measures the gassing rate of a single 
cell. 

The chemical reaction that produces the gas—mostly 
hydrogen—when a cell is not in use is not the same 
one that produces useful current. Because the gaseous 
reaction promotes self-discharge with consequent de- 
terioration of the cell, it has been assumed that cells 
with less tendency to evolve gas should have a longer 
shelf life. To test this assumption, a gas study tech- 
nique seemed to be the most worthwhile approach. 
The Bureau therefore constructed equipment for ac- 
curately measuring the gassing rate. Experiments car- 
ried out with the aid of this apparatus showed that 
neither initial cell capacity nor retention capacity (ca- 
pacity after a period of shelf storage) is a function of 
gassing rate. However, retention capacity does appear 
to depend on the total amount of gas evolved. 

The gasometer consists essentially of four main parts 
in a closed system: (1) A container large enough to 
hold a size D cell, (2) a mercury reservoir, (3) a mano- 
meter, and (4) reference reservoir. Provision is made 
for removing gas samples during the run. The vol- 
ume of gas produced can be computed from the amount 
of mercury withdrawn from the mercury reservoir to 
restore the pressure to its original value. Wires at- 
tached to the cell can be brought out through the 
container walls for closed circuit tests. 


Runs were made at 21°, 35°, 45°, and 55° C be- 
cause these temperatures have previously been used 
in shelf-life studies of dry cells. The tests were con- 
ducted when the cells were left on open circuit and 
when they were subjected to two different standard 
specified discharge rates. One of these discharges is 
intermittent through a 6.67-ohm resistor, and the other 
continuous through a 83.33-ohm resistor. 

On open circuit, gassing proceeds at a nearly con- 
stant rate for any given temperature. The rate is 
greatly affected by temperature; for the values given 
above, the cells evolved respectively 0.1, 0.6, 2.0, 6.0 ml 
of gas per day. Conclusions from the electrical dis- 
charge tests are that evolution of a certain volume of 
gas during storage of a cell at high temperature is 
less detrimental than at low temperature. However, 
the time required to produce a given volume at higher 
temperatures is far less than at lower temperatures. 
For each temperature and type of cell, there appears 
to be a critical volume of gas a cell may evolve before 
there is a substantial loss in its capacity to generate 
current. Once the critical volume has been evolved, 
the cell deteriorates more rapidly. 

It appears that no correlation exists between the 
rate of gassing and the initial capacity of the cell when 
the discharge test begins. When the cell is put on 
discharge, the immediate effect is to reduce the rate 
of gassing. Later, however, the rate increases, then 
tapers off again after the cell is exhausted. Gassing 
continues long after the cell has no useful electrical 


life. 


For further technical information, see The gassing of dry 
cells, by E. M. Otto and W. G. Eicke, Jr., J. Electrochem. Soc. 
104, 199 (April 1957). 


Left: Diagram of gasometer constructed by the Bureau to collect and measure gas in dry cell investigations. 
parts are cell container (A), mercury reservoir (B), manometer (C), and reference reservoir (D). 
ing the amount of gas produced by a dry cell with gasometer. 
investigation to find some relationship between rate of gassing and battery life. 
because of self-discharge through an internal chemical reaction which produces gas. 
Gassing rates can be found by determining the slope at any desired point on 


discharge on gassing of dry cells. 
the curve. 


Principal 
Center: Measur- 
The production of gas by dry cells has been under 
These cells have limited shelf life 
Right: Effect of continuous 
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